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Why study twins? 

•

•

Challenge for the field 
•
•

Matrix elements for the human connectome? 
Human brain “Periodic Table of the Elements” of 
phenotypes, including addiction risk 

Biology - Genetic factors 
• Causality 



Brain Structure is Strongly 
Influenced by Genes 

Kaymaz & van Os, 2009 



Brain Function is also 
Heritable 
•

•

•

•

Cognitive strategy (language-based vs. numerical) 
strongly influenced by genes 
• Koten et al., 2009 

N-back working memory heritability (h2) ~ 14-30%, NS 
• Blokland et al., 2008 

Small-world networks in RS-EEG – 46-89% of variability 
in clustering coefficient and 37-62% of path-length are 
heritable 
• Smit et al., 2008 

Default Network (ICA) significantly heritable      
(h2 = .42) in extended pedigrees – Glahn et al., 2010 



Initial Report of Genetic 
Contributions to Intrinsic Brain 
Function – Glahn et al., 2010 



Study Goals 
• Determine heritability of commonly used metrics

of intrinsic brain function
•

•

•

 Regional voxel-wise measures 
 •  Regional Homogeneity (ReHo), fALFF, VMHC 
 Relational (RSFC) measures 
• DN seeds (Andrews-Hanna et al. 2010)
• Exploratory seed sets (BG, ACC, Precuneus) 

Network measures (pending) 
•  Small world properties, degree centrality 



Participants & Imaging 

•

•

Sample 
• 
• 

•

79 MZ twins pairs 
84 DZ twins pairs 

Age: 22.7 ± 3.1 yrs 

 Image acquisition 
• 
• 
•

4T fMRI scanner in University of Queensland, Brisbane 
Scan condition: rest 
Scan duration:  145 time points, TR = 2.1s 



Methods 
•
•

•
•
•

•

Falconer heritability 
(A) H2 = 2*(corr[MZt1, MZt2] – corr [DZt1  DZt2]) = 
2*(MZr - DZr) with upper-bound = corr [MZt1  MZt2]; 
(C) = 2*DZr – MZr ;  
(E) = 1 –MZr; 
Voxel-wise heritability analyses within a gray matter 
mask (p ≥ 25%) 
Account for age/sex/registration quality in 
regression 



Default Network RSFC 

Andrews-Hanna, et al., 2010 



Default Network Falconer 
Heritability 



Conclusions 
•

•

•

Spontaneous/intrinsic brain activity as indexed 
by BOLD is strongly influenced by genes 
• Survives covariance for highly heritable structural 

effects (gray matter density) 
Heritable relationships (RSFC, ReHo, VMHC) and 
voxel-wise properties (fALFF) are ‘well behaved’  
•

•

Provide spatial hypotheses for GWAS & brain gene 
expression analyses 
Candidate nodes/elements for assembling functional 
& structural connectomes & for network analyses  

Basis for massive discovery-science approaches 
to understand addiction risk & sequelae 



Data-Sharing Progress to Date 



Tomasi & Volkow, 
2010; PNAS Zuo et al., in press; J 

Neuroscience



Next Steps Towards Discovery 
Science? 

•

•

High throughput datasets are crucial for 
successful implementation of discovery science 
• 
• 
•

Brain genomics 
Markers of psychiatric illness & addiction risk 
Dilemma: wait for even better imaging methods, or 
move forward? 

Recruit/encourage widespread involvement of the 
scientific community 



Current Goal 

•

•

•

•

To make the aggregation and sharing of 
well-phenotyped datasets a cultural norm 
for the imaging community.  

Make comprehensive phenotypic information 
available with imaging datasets to facilitate 
sophisticated data-mining. 
Shift from retrospective to prospective data 
sharing (e.g., weekly, monthly, or quarterly). 
Dynamic ‘self-organizing’ network of investigators 
pushing technologies and approaches 



International Neuroimaging  
Data-sharing Initiative (INDI) 



International Neuroimaging  
Data-sharing Initiative (INDI) 

•

•

•

To enhance the 1000 FCP by including 
comprehensive phenotypic data.  
To help establish a common protocol for sharing 
phenotypic/metadata via the FCP. 
To initiate open, prospective data-sharing for 
the neuroimaging community (e.g., weekly, 
monthly, or quarterly uploads of data).  



Initial Retrospective Data-Sharing 
Commitments 



Initial Prospective Data-Sharing Commitments 



Same Rules for Sharing as 
FCP… 

•
•
•
•

•
•
•

Local IRB/ethics board approval 
User registration required to access data 
All data will be completely anonymized 
Please be sure to cite the website and specify the 
datasets included in your study 
Unrestricted usage of all FCP datasets 
Use FCP data at your own discretion and caution 
Report any data concerns to the FCP forums 
located on NITRC 



The Nathan-Kline/Rockland 
Sample Assessment Protocol

PROCEDURES COMPLETED BY ALL 
PARTICIPANTS 
Demographics 
Medication Form 
Test Meal 
Based Diagnostic Interview (KSADS/SCID) 
Autism Spectrum Screening Questionnaire (ASSQ) 
IQ Screening (WASI) 
Physical measures (blood pressure, heart rate, height, 
weight and waist and hip measurements ) 
fasting blood draw (metabolic panel, hemogram, 
genetics) 
Eating Questionnaire 
Social Responsiveness Scale (SRS) 
Delis-Kaplan Executive Fucntion System (D-KEFS) 
Repetitive Behavior Scale-Revised (RBS-R) 
6 minute walk 
Achenbach System of Empirically Based Assessment 
(Child Behavior Checklist, Youth Self Report, Adult 
Self Report, Older Adult Self Report) 

ASSESSMENTS TO BE COMPLETED BY 
ADULTS (AGE 18+) 
Cognitive Appraisal of Risky Events (CARE) 
Fagerstrom Test for Nicotine Dependence 
Phsyical Activity Scale for the Elderly (PASE) 
UPPS Impulsive Behavior Scale 
State Traint Anxiety Inventory (STAI) 
Trauma Symptom checklist for Adults 
Beck Depression Inventory--II (BDI) 

ASSESSMENTS TO BE COMPLETED BY 
CHILDREN (AGE 6-18) 
Behavior Assessment System for Children –Second 
Edition (BASC-2) 
Vineland Adaptive Behavior Scales-Revised 
Adolescent Risk-taking Questionnaire (ARQ) 
Fagerstrom Tolerance Questionnaire for Adolescents 
Multidimensional Anxiety Scale for Children (MASC) 
Trauma Symptom Checklist for Children (TSC-C) 
Children’s Depression Inventory (CDI) 



The Nathan-Kline/Rockland 
Sample Imaging Protocol

•

•

R-fMRI Scan 
• 
• 
• 
• 
•

•
•
•

3.0T Siemens Tim Trio 
3.0 mm isotropic voxel size, .3 mm inter-slice gap 
TR = 2.5 sec 
Scan Duration = 10 minutes 
32 channel coil 

DTI 
2.0 mm isotropic voxel-size 
64 directions 
bVal = 1000 



ADHD-200 

• Anticipated Release Date: Jan 3, 2011
• 200+ children (ages 7-14) and 200 TDC

collected across 4 or more sites
• Competition proposed for 2011 OHBM

meeting in Quebec City
• Feature identification 
• Diagnostic classification 



What Can You Do for INDI? 
• Contribute your data

• Previously published datasets 
• Release some or all of the phenotypic information – 

your call, but simple rule is, the more the better! 

• Unpublished datasets 
• You set the upload schedule. 
• Release some or all of the phenotypic information – 

your call, but simple rule is, the more the better! 

• Contribute your scripts/code
• 817 downloads of FCP scripts since 3/10/10 

• http://fcon_1000.projects.nitrc.org

http://fcon_1000.projects.nitrc.org/�
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